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5)11 EtT 
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(32)ffi5fcB 
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(33)@ftti£3gH 


B# ( J P) 


(74)«SA 


100058479 

























(54) [^hjco^i*] &fl:4bS¥iiM**?. x^nxf^nm^m 



(57) [S»] 

t*l>T. *77l'7fOM2 0±fcH!n«2 1 a* 

#-r*sio, Txi? 2 1 ZMi&vtcm* ^<d±\zmo 




21 : S i O2 2 2 : GaNAsOpJi 

2 3 : G a NTittH 2 5 : SiS^fiZ 



( 2 ) 

1 

irnxmi] nit, 
mmm 1 B±c^s£ftfc«&©B8PSB£*rf 

«©»«-*- a 2 o©K«+*«fcfe^T«*©iE{fta«s 
itt*iR)»cffifiErswaett**'r-6*i©««t. me 

w«¥»#*±c»«aFnfcBffa©* : f«ijftt. £jy» io 

5fi#l8lfcfcffiT**atefc*WT*Sll©<B«i. MB 

#*#B©ME»2©fi*±K*HWfcJBj«;*n, ME 20 

Ml** 3] ittEgfb4^b'&#l¥iSf#Jltt. Ga, 
In, Al,Bi-,- y -, N (O^x, y, z. x 
+ y + z=Sl) T!»jfc£nsc£S#«£-r*ll»#Jgl 

*<t^Axftjg(Dti-rti^o, «&©rapgB*5<fc£tfagc© 
m^tmmt^^mwm\t. me^x v ©me#bh 
Elm coffin t, 

ME^X*©MEMnfflW3J:tfffiE#Hn«±K:}i*jfc;£ 
©<!*§££. 

MEiS3©»«±t::»l**ft. IMB£Cfr8»&Htt3ftfc 
l»E»2©««£. *Ait5CtS»«i1-5BI*]| 

©Sfl:*****^. 40 

Jf£\ MB^X*±T©77 i 7;H£fi£fiJfflU 
©SffiCfififc;EFfflfce»T*8fi*«©^fc«r>ffl«£ 
^fig-r -5 J; 5 tcitttf * IS b. . 

^©§?ii7ji£. 

[*9I©f«nfctJ«H] 50 
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[0 0 0 1] 

cn-r«. 

[0 0 0 2] 

[ft*©&ffi] ift*p, #fefr5***K]WtT©«S* 
fEtt^-f:*- h* (LED) *iMH*U-tf (LD) ffl© 
#»il/T. GaN*f4i;*tT*ftfl:**flS*fb*» 
#**ttI3ftTV»*. ±B©£ft:**fl:£*l»¥*#fflfife 

0, -?-©fl&S 1 CSI^MgA 1, O, aS««f&ffllr»6 
ftT^S. 

[0 0 0 3] t7r-f7tS i CS«±ICGaN^«i; 

T. WSS&JlfaffifiKg (MOCVD) ffij&»*t>3Kffl<r» 
SftT^-5. MOCVDffil;<t0i}-77<7f<O«lfi± 

tsir, **sao«Kfi*«ni«E&aflE (100 cc^ld 
[0004] — jftfc^tts©^***^^ 1 0 

SIC. 5 0 0 ~ 6 0 0 tg«©f fiTSS±l: A 1 NX 

[0 0 0 5] b*»U K&-V©j£ftttMBjlSlc«V»T. 
J**«*+<&fctit«b&»a»»j*Sft, dft £©&***£ 

©ft*©<8fi*R6#S««T£l*£ftS. 1t77-f7» 

tt±^©a<b*£fc&«tf *fMi©j£ft-cttl9 1 0' ~ 
lC'cm-'feOlSMeWMSn, £ft<=>©i|g{t 
ttJ*fi#|8jK:e» L ft: ffStett i L-TJ&ftJf wc#ab 
Tt»*. SEoT. dfte©S-ffiK&«. SfcttXSftfi 

y-*#©^?*jgt*3^T. ffittg^rabfig 

[0 0 0 6] ddT. &«^fitC*3tt-5^©-a-#:B$t'^ 
ASft-Ste&IC^T. 01 9£#i&L.TiftfJU-f-5. 0 
19 (a) C^-r<t5lC. j&ftSMHWBfciS^T. 

ittrt. 019 (b) CSti^l:. S©&ftCJ;0t 

ifitt«<±i;«. ^ftcitJK&ss^aitsd 

t«-C#-5*«, 1X10' cm-'STaWt50«!|i 
019 (c) l:^t<t7C. &<tvim 

~ 1 0 " c m' * ©tefi**#aE-rs C £ 



( 3 ) 
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[0007] jtatete©#&#gfk«*¥*#jim;:-5 
(i) &&xfa!85&<oft^&immfc&y>¥m&m\tii£ 

HOFt- (+tU7) JSK**iii<. *-;UftftflE*«/jN 
[0 0 0 8] ( 2 ) t»AftKa*«>i*t>gft:ttftfl:6* 

(3) Sate&OftS (JT»Effi;0(JftftJIS0&&:b« 10 
A) TttKyh (70 *»*rtS"tlJK, tajAtfftnmg 

*o««trt«LTffi«T**a«T#F*ija (mq 

W) © I n G a NSffittlSsJfiTSIiCfiHT, tf 

[0 0 0 9] (4) h©#flEfCJ:0, *J»#U— !f 

(5) a««ffc«««»A«^3.-^tt©7t«C0jrji^RB 20 

(6) ilii!lI«fl:M g§© H-/^ hii, »a 

■tcttttu mnzm&w&mz?. 

[0 0 10] &.±co£5tefSim\z&r). m^vWMfttfi 

[ooi i] %tz. &immik&®*m&<otp-e&\z i 30 

nGaAlN&te. «W3tt*^trfi«*3t«t IttI 
[0 0 12] 

/HXTtt. {£*fifi£S/N* y 7 r S^©fifc:6t£fl5£ffl t^T 

[0 0 13] ±IB«***#*bTfig$tlfc 

4#f4, 7fc^W#i4©&#&g{L^&{t^¥^#Ji£-tf- 
7 7-^7^©S«±f::^fi£T&;i<fc#T-£, &it®%{£ 
£1&¥&#£ffl^fclg£©§3ig*®3:9, ftUQtttt. ft 
^4©ft±£te^9*f5^fc^2&¥®#5il^. ISftfSl^ 
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[0 0 14] 

ic. *?&mc>$iiitJ%iizi&z3i{mm*m#m?\z, m 

rz^2<nmmt^ts^im^it^^mwmt. mm 
^mftmMzMfcztirzmmcDmTmmii&mffiTzz. 

[0 0 15] iWIBBfaosjS^tfiatt, &9ttt£illHe£2 
<Dm&±\ZMl&Zn2>Z\ttfm$ilsi<K «fc0 

k>s, ^-ft-^TSfttf, ^-©p 

[0 0 16] #3EII3©»#«3C«S%3fc^tt. <Sl 

pssrowsrr * 2 -3©K««f jfe«»c*i»T** 
©ete#£fi#ifijfcffiffi-r*»ateffi£?rr*js 1 ©fs 

^2©ffi«t$^tr^fl:^fl:^¥^@i:, Striae 

[0 0 17] Jt|BII|*^l©¥*.#* : 3 t »*^B«.«S 

sa&ytmttisKX, iKrEvx^©*.m«, #*. a 

^, %>£.tf7> : t-T<D>Pf£< tt> 10©»H»*K:*i 
HT, 1 0 0 0r^Ji©£fiT^JS££D&^#>K-C& 

[0 0 1 8] mfESIlJitt, A 1 GaN, In 

GaN, A 1 N, GaN, £*l6.©*mf::B£8s 

iinL/t*m. si, s i c, ij-7 5—rT*5«fcr/c:n?>© 

[0 0 19] ?©»&©[» O^te. HgBttlC&ftS 

[0020] a\z. mi2vxi7©mie«a©MPgB 

tt. mES8ft**fl:^«I**#»© a* < 1 1 - 2 0 > 

[0 0 2 1] *WfflW1 1 iZ$ittZ>. 0iJA« (1 1 

-2 0> teS^ftSr^U »*H«K:»*5Ef|fiJ©ft£<i: 

[0022] Me*ft*Xft*tt¥*fM®tt 

E*aifc{i©3g^#, 10' 75^10' cm 'tr^^C 

t^asb^. 

[0 0 2 3] f»E*fb1&*fl:£4&¥*#Jitt. 



( 4 ) 

5 

!»Bvx*©ffi8B«»<&|BP*a*SX*-hU iEv 
[0 0 2 4] 2*>\Z, MfB^X ? -t<D^m%it-&y>)¥ 

[0025] Mmmmm<t&v>)*m&m\±. g a. 

In, Al, Bi N (O^x, y» z. x 

+ y+ 1) T^$tl-5d«t*ia*b(/i. 10 
[0 0 2 6] ittJfBVX^te, MfBfglJf ±fC, HAJg*3 

ricsnsa*i^cm8ajia*Kffi*^*n««iE® i ©is 

WIBvx^©m(iBP8Pi»*3J;^*9E#MPgB±fc 
£-5„ 20 

[0027] Miami his. *<Di&m\zftMmz&!&2 

nfctt*©iS«£irU WIB1S^©iag|5©^®tcWIB-7 

x^©#MPSP^^^n, ins^x^wwpgBK*^ 

[0 0 2 8] ffiiEVX^©iKlfB«g5:©ISlPg&#X h5K 

^■«ic^fi£$n, #Hnas©fisw. ftfrtB«&©iM§pgi$ 
®M.i£i. JWEJB lj© giJ£fc£ a__ s, ftfrgB^ib^ 

- 1 %^w/p - a n/a s ^ 1 %. iScktf 30 

- 1 %^ (p-w) /p-an/as^l% 

[0 0 2 9] #38BJ§©fflt #Jg 1 3 K«*Sgft;«|»¥i»#: 
Xi'^MtSIgi. Bfrf3VX^£i*j£LfcSfllBJi 

izmttfamt-sm^wm*. mm-?xv .tr©^? 

tJ^l t*iNF®i:-r-5. MIBvx^*^-r-5XS«. ffl 40 
EaE<b«**i»#*^Ji©a* <ll-20>iSifi 

[0030] «fjESfls«*<k^«»¥*#**Jt«-r*i 
fifBvx^©^Bf3}t>oTeM-r«>fe{47&i«s-r 
& JP £ £ W T s & k it « & x :/ £ ^ & £ # M £ 

[0 0 3 1] MESlia. AlGaN, InGaN, 
A 1 N, GaN, &£.ZfZ\nt>V>*m\ZB$:mmi,TzVi 
$f. Si. S i C. 1^7 7-1' T*3J;^Ctl^©S(HK© 50 
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[0032] ^fgijimi. SMk4&*fl:£tt¥i*<*JH&-y- 

77^7^S i C^Oill (£«) . Xttdtl?,©* 
SilCGaN^GaA 1 N^£©^t#)*¥^®*)B 
«lfcIiiJ:l:®«t5SS, J!iJI±k:ft*>ift«cD 

gK^Ttt. HPgp©*-^a«e>ji^n, wpsp^««e> 

[0 0 3 3] 5f7MfiOi^, 02 0 tC^TS EM 
J5Efi*a:a:*T^i'BBP*«a»!WCE5«J*nT^Sit 

ftT, vx^©MPWPH*ii^j('a*?-r 

-2>i<ttCj;l9, IIKt^S* 1 0 ! -10' cm"'^ 

(n-20> iLmmjj&uz^-f ymzMfovrcs i o 
, tftjtLT&tf e>ns. vxi7©HP^©"is 

tt5 W m«T- J;0j(fSL<«2 (jmBlT, XttTX^ 
©#SBP|B©Ji« 2 itrnKJ:, .fcOfrfgcK « 5 /zm« 

[0 0 3 4] MP'S, gfcfc^SMfrSlS^©^^^ 

t, Bfa©**st»ttswr*wip«*aaw&vx^ 

*SCj6]±$-B:-5C:t^T$, ^©^ 
[0 0 3 5] «S«jt©SiS®J;05g7trs^t#| 

o©iS]±^©^m*^^n-2>. 

[0 0 3 6] ffi*3tl!ffifl:4b*¥#(*:^— !fO 

*a«ttbnu h^>v?x^©3>^^^>x^fie*^fc 
m\zfin±-tz> 0 



( 5 ) 

7 

coo37] &imfkmt&®*mfrv>®i&&nw\ft±. 
•?zz\£\z&o. m=?¥f&&fa.f? z>*ftmz&z>mi 

[0 0 3 8] *fc. *^HJT-«. 1)-77-f7l»S iC§ 
OAS 1 B±K»j£T*Sft*!>¥«&#*^ 

tt/xft»©Hln{BXtt#Hn» (A) 4WT47Xi'i« 
[0 0 3 9] JSAjSAttgaiBS-?}*. VXi/WPgi5±fC 

TttSfi#flfcjrae(fcfc£©tSAfcW##tfsa«. ? 

fcT, 7T7MML©i^ 
oaft*f HMffftWT^tti^CfiHl/ 1 0" 1 c 
nr'£t±»SIEffiS*a<. 5x5.>H£fi©*£3ttrEU: 

[0 0 4 0] 7h5-f^->CJ:47Xi'SIHft 30 

ic&tf eft© i £&#t 3 -ft m$> zfttbnmmu&mo 

[0 0 4 1] &&tt???;M&ft£fT9fcftK:i2. vx 

#o <i-ioo> ftfatw-n ic-r-5 c t^asTab 

0. -(D^-&(rgfc5^7JK$fiL^-f^3^[6]tC^S 40 

KHIfr*. &fttt¥*#© (1-100) ^[6] 
£9 0flCre.bfcvX^/^->TOSfb«S**#«A 

HPS. *{b*¥*#©»AJ*ftttcttEGJtt**A(r»© 
T*. /^^H^WVX^/t^-^'Tte (1-10 
0> ^r6]©*.5-S^CfE/t^-->^r-5C:<»:T. 

& ©'>& uMttttft:**** ©j§m£ ^Lfe^f?* 

[0 0 4 2] ?9KKffi^>e«A/4EltlsaiS&Sfl: 
$>¥*#©«H^F3gKigg-<r St,Ot*S©T, WAtf 50 
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D-77-f7 (00 0 1) cffitg-fbtf'J ^AciOii 

till BXfl!>*?7K4t£i;«. £©«£, 
/^->©«£H8l©Jt*ra<PK:*-* - <h-eefi:fg^© 

A*tt»iafT5^tTr<E(fl:eflE*MKe«T€fa3&». - 
©»&, vx:>©ra$, JEMK\ *££*§;«Tife©vxi7 

[0 0 4 3] gffc^^fr + KS i &£©*«9 

[0 0 4 4] ^©cfc^tC. A^)gt=ft^©'7^i'/ti' 

»fc*¥**JlHPfc45HTtt. jra«sttft£©*IA*Nl 
©*&^ Afl»©3ffcW¥*{MB&JBsK?-S iiijinlffi 
ifcO. ^©i^miLT, m^©^®^0, 

[0045] sfc, mtva&it'&yi* 

m&m <.MZ-\ti* InGaAIN) ©&B#li£#£*rr 
5M#*fC*^T, I n G a A 1 NB©-gBI::|g:i§ 
ffmivx? SiO, ) *a5»6S»-fP)«S*i 

[0 0 4 6] fflU6©«t5K:fie3|5©GaNA¥#fr* J PT? 

mmmvif??.? (sio, ) #»#«cftsjs;*ftT^ 

^t, 0d*tfA 1 GaNtt. «^riairiEfiSSC-rfc 
tb. H 2 1 fC^-T «t 5 fC, Se*©ie>C^^-yi7^A-5 
gU?#JP<&3. CtHCtO. -MfrffHA 1 *AtHBA 

[0 0 4 7] 

[$e9!©*S6©»*] ETF. *3Sfi©*ifi©JBlR*BiH 

[0 0 4 8] (sb i (Dmmmm) 0 1 Tbs 3 tt, 

©IS 1 ©Htt»ttlC*£>«£ftttS¥**aHF0*NB£ 

»ifrrsfc«>©iaT, Hi^±txs2ttws0. 03 \t 
[0049] **ssjgsi-ett. se*ffiRrx*««fcJ:* 

*ffiT', (0 0 0 1) Sfc¥fTft£ffl&W-r-5U-7 7'f 
7S«±irW«S^SMfflfi£S (MOCVD) &£J:9G 

[0 0 5 0] BIB. SejU^tCkOfPfiEbfc^bife*^ 
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[0 0 5 1] S-T. f^T-fTISl 0±lC<£M (5 0 
0-60 O-C) TCaN/b7 7ll 2 5ltnm«| 
U ^-©ttfcSISi&SS: 1 0 0 OICSUiKIM&U iSM 
TGaNll 3©fi£g£fT5. «£*teK:«t*i:0«»3ft 
O^STIi, «SA<y7T» 1 2£jfAL&^T\ 110 
G a NVttAOjASOTIttA: 1 0 0 0*C6Ui©Kai 
Tf£fi£ff'5<h. ft^SE^ttl 6a6t#*C*€r«r» 
7i<2K a«ritfi*«IH*t&0, ¥Sfc*to*»5ft&lr>. 10 

711 2©)«fijaftR^riEfifllS«t**<tt#-r«. 

[0 0 5 2] friz, t77-f7l«l 0±CGaN^7 
77112^11, H1G a N® 1 3 ^^JcfiiT^TJffi 

[0 0 5 3] St*. HMft^CfcoTfflllSn 
^7 7^71*1 0 5, MOC VDga<DSit;^f*3{C 

mxi<, &mikimm2ti : £>- i )-kzfi$'±\zwtmi>fz. 20 

1 2 0 OtTDl Ofl-IWjettftffiXy^dffcifiU « 

[0 0 5 4] 'A^X\ t77-f71«l 0±K, GaN 
A777il 2£)3£fifflK5 5 0tT4m JIS40 
nml;«bfe„ ^TlifiEWC^t'JT^iL 
T****2 0. 5L/». ir«XiLTL7> : E-7 
^9. 5L/», TMG (HJ*^;ktfU«>A) 52 5 
c c "/«■«[ bfc. 'sffc, A7 7 7I1 2*«M, £K 

iaa*i 2Mti i o ot:c#jab. iioot:»ciij 30 

SL£6GaNHl 3£H5M(£fiU 2 /im©JKJPK: 
^j£L7i„ 

[0 0 5 5] ^T, ^WJ^KUTftStlfciSSiafifcg 
G a NS 1 3 CCH^T, ^7 * n i?m&~Bt.Zfxm®Vim 
\Z£2>nylr>jj-7<D¥m^<Dmi£, *-;WB*«iJ£ 

1 3W&t>ntzZ.i:&mWL<fc. XlMHMftt3. 2 a 
rcmin , U Ti^g 6 X 1 0" cm" 1 (n£D , 
WiK5 0 0 cm' /V • sec £. fi^ftTffr&L/fc 
GaNltlTU, JfcttW&#&iBIMStta«»Snfc. 40 

cottttfctJViTWfffijs^ajaw^K**! <te 

M) RgSSfT-pfctdS* aNl 1 3 * «I 

ffiefi^fttti^ 3X10" c m" ' T* 0 . fif*)*T'f^^ 
UfcGaNJitbTtt<B;«Efi«aoe»«»»Snfc. 
[0 0 5 6] #fgBjmj;£7i&T-G aNI^M 

IfcS^COUT. 02. 03$ffl^TittlHTS. m2 

«»wa:BRffiH-c**. bit. ^m^^m^wim-r 

[0 0 5 7] S-T. H3IC*-r«fc5C t77-f7lfi 50 
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2 0±lC, 1 0 ummm-Z\SM2 nm<DWinm2 1 a£ 

*t*sio, *^fiKs?x?2UMn. &n 

T. ^©7Xi? 2 1 5tn-!t7 7-f 7M2 0 5, ft 
StRiOMOCVDSlOKJSSfttiXl/. i«J5& 

ET*$5;2 5 L/#©SitST8itL&J&iS>, 1^1 2 0 
OC-Cftl 0#|IIJ, 4)—-?)l>?V-->if&m*> *5r 

[0 0 5 8] JfcWTJ, VXi7 2 1 5«Lfc^7 7-f7 
SS2 01C. GaNA*777l2 2MMa5 5 0 
■C-cafl-IHUfcWtU JPS2 0nmlc»j«bfc. 
tt^fi^©+ 1 U 7f X t L 2 0 . 5L/». 
JfC$f#X<i:LT7'> ; tX7'£9. 5L/», TMG (h 
U^^JktfU^/O 52 5 c c/»«bfc. A*-y 

77122MM, iSfig*niooti;^n# 

212*1. TMGMIS 1 0 0 c c /#K:if JbObfc. M 
K#s 1 1 0 O^ttmvrz'&G a NI 2 3 5 1 ftlHJjfcfi 

[0059] z\<D£.5\zuxn*>niimmf&-& 

GaNl2 3i;oUT, t7* D vSg&tf XIHiggTS; 

fcfrofc. ^©Jigm. ^®¥ffitt©&©T^nfcG aN 
12 3*!ff 1 n, XtS¥Mi|ittl. 2 arcmin . *-\-U 
7II5xi0 ,i cm"' (nl) . *-^«9 0 0 
cm' /V-sec £. tt*8j-ett»5nfcj&^;fcJ«flK 

snfc. ^fc. z\<Dm.m\z-z>^Tmffifr<E>m 
mm^mmm (tem) s^^ff ottc^, itss^ 

GaN!2 3* ©Jtae&S?««i® 1 X 1 0« cm'j:: 

mm<omi/i o o-e&oit. 

[0 0 6 0] iITEMlil:J;l.t, IIKfi 

2 5«SiO, 2 1 ©«t£«f*g&C©3.#ffiLT 

tt, 7X^2 l©HBPg&2 1 a#/£g$[i:&r). VX^ 
2 1 ±-C«7-^^;^g^{Sjl^tl. 7X9 2 1 ©*5k 
g&T&*©l!Pg|$2 1 aiJ»67f5;WfiLfc#ft^ 

[0 0 6 1] #mS^SlT«. MA777I2 

2£lStt. ^©±SP(CiiSffi^eGaNS2 3 5J^fiEbfc 
**. *%Wlz£2>mmijmzl:tU£. vxi/2ll;M 
f 3H8Pg|$2 1 a©ffi«j&t#jy£^S6©<fc5r/h£^« 

^ tc tt . « a/x 7 7 7iittfc mmvwmm *> n 

[0 0 6 2] C<D£?\Z*mmi&Wi\Z£tltt. *77-f 
74S2 0±(CB8P 2 1 a^ttSS i O, VX£2 1 
SrlStt. VXi? 2 1 ©BJP 2 1 a bT<£2&fi£fiG 
aNA7 7 7l2 2Rtfi^*a/£gG aN®2 3 ZMrfLT 
•SCttCtO. IIgfi^-7X^2 1 ©titS+ifeSB©*- 
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C0 0 6 3] ^mmmx^tuoc vds^s^ 

[oo6 4] (m2<Dmmmm) i4n #^^2 
^T^siaT^^o io 

[0 0 6 5] it^T-TTS«3 0±tc, «gB3 1 a 
t^S iO, 7^£>/&£^rX^ 3 1 fimj&Ztl. YX^7 3 

1 (7)SgB3 1 aC«MOCVD^a^fiSGaNA7 
7713 27^/&£*lT^3o ftt, 7X^7 3 1^ 

-yGaNTil3 3)0«$nT^I,o 

[0 0 6 6] GaNTiftI3 3±CH nSGaN^> 
£^FJI3 5, nIAlGaNlSSA13 6, n$JG 
aN»Hi3 7, (MQW) #§it£W 

ninGaN*fittl38, p fflU G a N^^f-f FJi 3 20 
9, piAlGaN!SiiAl4 0, pSGaN3>^ 
4? h!4 1 ^CCDMMT^^c^tlT^^o 

[0 0 6 7] ±IB#S^itC0-g5^, niGaN3>^ 
^ M3 5^^-r^*TH^<X^^>^ffi^i:0|^* 
^n, ®mUfc3>^^ hB3 5±^n{|ijmS4 2^ 
/££*IT^S 0 ^/I«igT|&5fe£n&^#£>p 
!GaN3>^^M4 l±KteS^^c7)£:a6S i O 

, m4 3f)mumzMf&2ti, h®_siqi i4 3p 

plGaN3>^i7H4 1 ±tCp{&M^4 4/Wfc/&£ 

nti^o 30 
[0 0 6 8] ^:tc, *HSS^cd#^u— tfoMig^ 

«^t*B/&fi (MOCVD) ffitCctOf^^Lfeo ffl^yt/g* 

«>A (TMG) , FU^^TJl/^-^A (TMA) , 
h'J^fM>y^A (TMI) , eXy^D^>^y 
I-^ny'JA (Cp, Mg) £ffl<^> #XS^<h 
IT. 7>^7 (NH, ) , (S i H< ) &m 

fro 40 

[0 0 6 9] Jf, it^r-fTS«3 0 ±\Z. m5\Z9jk 
t<i:^c£5 0/imW:»ig^:i (MDgg) 31a 
&m~ftzS i O t 7^£/&<5^X^ 3 1 £J£/£-T£o 

COIf^y-f 7SS3 O^MOCVDgi^S^ 

mzmxv, i2oot, i oftm(w-^)i>t7 u -~ 

[0 0 7 0] 1tiry^SS€:5 0 01C{C±# 

U fiMSG a N A*7 7 7l 3 2 3 
t^Tltt^M^ 1 1 o orf:#fiL, HOOt 50 
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\zmmVfc'&*rVTtf7.£l>T7km$:2 0. 5L/ 
fl\ 7>^-7£9. 5L/», TMG^lOOcc/ 

2 /zm(D7> F-^G a NTil 3 3 ^Mt§, Z<D 

^f-?x^3 i\zMf&i,rc.m3 1 a^a^^^n, 

-^G a NTifeJl 3 3 /W£/&£n£o 
[0 0 7 1 ] S i H< £ 1 0 c c SPA, 

LTnlGaN3>^^ FJ§ 3 5 0p£4. 0/im) £ 
^LfCo Jft^T* TMA^6 0 c c/ft<DffimT*mx. 
Z>Z£\Z&Q, nSAlGaNliaAI3 6 
0. 2 5 Mm) &&f&~TZ>o £t>\Z*;<D±\Z. 7> 
7 p GaNTite@3 4chl^«(D^fi^frT% G a N3t^-f 
KI3 7^^Lfco 

[0 0 7 2] ^CDt^ S*Kifi^£ 7 4 OD^THU 
Jr'rVTXX&Tkmfr^m (8S»2 0. 5L/») 
3J0#x.£ o T>^nTcDSfE»«9. 5L/ 

#\ TMG«I(i9cc/^^L, TMI<£#y& 
i*U40cc/^ 30cc/»<i:S5f:«]0i^ 
££K:J;D* InGaNlSlti3 8$MlL Z.<D 

InGaNffiffil3 8}l 3^In 0 ., Ga 0 . ( N 
2 nm) I n 0 . o s G a 0 . s s N (Jl£ 4 n 

m) I«g/l7^J&3^M^#F (MQW) ffljg^tt 

[0 0 7 3] I n G a N^ffittS 3 8 SffiM 

m&mzfi i o otcffitSo s^s^i loot: 

0. 5L/») G a Nt¥:^/< FH 3 9 , p 

iAlGaNlittAi4 0 (J¥£0. 2 5 // m) , p 
SGaNn>^^H41 0P£0. 3 um) d<D 
JST^-r^o pSA 1 G aNm«t&AJi4 0f&&m<D 

vMF-rt>hmncvr Mg<nm%m\t, 2oocc 

h Is. pS!GaNJ>^^M4 l^fi^(DCp I M 
g^i«5 0cctlfco pSGaN3>^i7M 

4 1C0^S^, W^JBH^cOft^Sr^ihL, g**^ 
'J7iJX (S12 0. 5L/») , R^7>^&-T (Sft 
»9. 5L/») <a^£3lt*^£U&U 
TOLfCo (SU 7>^E-7^H g«2&K#3 

5 ox:\zmLfz.m\z&±i,tzo 

[0074] ^±<D^mx^^nr^itmm^mwu 

(TEM) S^^fTofc^C^, MQ 
W^ig^WT^ I nGaNMttIS{:H 

[0 0 7 5] SXJKDfg&Z, ?£^ffifCct^U~ifffl^S 
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•£>„ 

[0 0 7 6] ±m^mmm<D-^, nIG a N 

U ^-©±S15(CT i/A 1 ^<~>J&&n<HiJ*ffi4 2 

Nn>5>? bM4 l±.lZ\tmffi.mmc>tzSbS i O, S 4 
3£^#iWt;;^|&U :©S i O, l43S^plGa 
Nn>^^7 bJf 4 l±tcpfflijmi!4 4£J£j&Lfc„ 

[0 0 7 7] ±&<D*l£W-r£¥^#^JlBI£ 20 

JgEScLfc^xASr. 3 5 0 MmX 5 0 0 um<D±%2lZ 

5. tf4 1 7 nmT^a^%*g-r-i>^t^*ig$n 
Ac. *?<D»)f£SJI«4. 5 V. L^MitSfit^te 
1. 5 kA/cm' T-*-pfc„ 

[0 0 7 8] «T'MLfcGaNl^l/- tf 

u— ■ tfftm?z>%¥<D®.&4 o %mmx-$> v , * & u 

— !fftSLfe*?-?t>. Wfi^tt^Wft^ 30 
t»*ifl». XttpIF-/Oh-C»*7n>"5A (M 

[0079] ^nc»b*stsifi»i8"Tftt. ±aaraa^3j« 

— tfO«IJ«1*tt3&t*«lciei±Ufc. J0^.T. u-*f%m 

ioo~iooo 

[0 0 8 0] ^SgJgffiTttU— !f£-2fr>TR91 

[0081] «3 (D^mmm) m 3 (Dmrnmrnx-it. 
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CGaN (2 Mm) . XttGaAIN (0. 3(im) / 
GaN (2 Mm) *J*SUfc3S8U:K:»jfc-r*. 

[0 0 8 2] ST. ±IB©S1g±lC 1 0 m miH© S i O 
, GaNXttGaA 1 NJi© a<tt (11-2 

0) <tSi£^l6] (1-10 0) fc. 2 MmfrlfiiT-X 

±(CMOCVDffi^J;f9. 5~5 0/imOGaNlM 
/fcRiflSIIKS i O, -77^iT7f7MftA« 

asttsns. wisaai«?mii (tem) mm 
[0 0 8 3] £ ©<k 5 *u waig&s 

[0 0 8 4] ftis, **afi»»TttU— ♦fCtJ^TKM 

•f*- Ftt. *?©5B»i%H4;fttf 

[0 0 8 5] (£4 0&M»gtt) I6H #fgBJ!«3j|4 

[0 0 8 6] tfOffrakErteS, 
KTCRWt*. *7H 71S5 0±1C. S i 

rfLVfc-??.? 5 1 ^^fijc-T-So VXi' 5 1 1C«, 
ftTl^&^at, iS^O. 5 tfm©MPW5 0 amfflm 

[0 0 8 7] EtT©l/- ifiUfffl^IlCMaMOC 
VDffitC±0f£fi£Lfc. TXi7 5 1 ^}e^bfe-y-7 5"f 
7*«5 0±1C. GaNAy77l (E^-a-T) ^2^ 
P^fi£g$n-5. t<D±mzS i$H-7"lfcnlGaN 
3>^^hi53 (jp^2/xm) <&fi£g-ri)„ dCDBt. 

^t^T, -e-W±SPICS i $r H-^L-fc^^F 0. 2 5 ^m 
Wn^Ga... Al,., N^gitaAS 5 4 £f£:gT-5<, 

[0 0 8 8] ^V^-C. JPS 0. l/inKOIn,., Ga 
.., N?g£fejf5 5?£figSL. ^<D±gglCMg^ H-^L 
fcm^O. 25/imffipiGa,., Al.., NmfiftaA 
MS6. nlGa,., Al.., N^«t$fe^B 5 7 ZMX. 

OffiL. mSit«^a 5 7 tfXgffiK, 7*hUVi/77^ 
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a^^ffl^TSc^eg^xy^^^Ts^cjco, 10 

ttm<l><Dfflnm&Ml$.L. ««EttA® 5 6 £— gCBttSf 

[0 0 8 9] ^iA^MOCVDgll:» 
AU «flit#yWf5 7ro±(CMg^F-yUfcp^Ga 
Na>^i7 hm 5 8 ^B^fiTS. piGaNH>^^h 
fiA^MOCVDgt^e,SOajt. 
pSGaNa>^^M58©(5(^I[:S i 

out-, 7* hWif^y-c&iffilz&Qgrmm&fftfeo 10 

jemKijniu micosst^5 -tj, ir 

7r-1'7i*5 0±l;M^ntSiO ! tT i O, 
SfifcS^BJBI 5 1*5, |g2CD£MMi:&-5. 

[0090] &L±<D£.o\zfti$.-$nfcu— tfrn^mmo 

O^MtS. -J, pSGaN3>^J?M58±C 

[0 0 9 1] K±OJ:5l:MLfc*##U- tf£b- 20 

iSI3 8 0 nmT^M^fgjg^Wi§£ri7c„ ^<7?^W 
U^^fflmMt«9 5mA. Kjf^mjE«4. 6V«o 

[0 0 9 2] **SS^{CJ:Sffi^^*jS#:|/— tfT 
IS. S i O, iTiO, frZf&Z>g>mWk*-?7,i> 5 1 t 

a» 9 j^fitfjEi £ »a ft » s^sk i«i± 

ttft*H&*£tt. ft&me> 1 0 0ft(D 1 «Tfc«'>U 30 

cons*. * ; p©*!i«!»tta^e*tt*«iaj±bfc. 

[0 0 9 3] Sfc, Se*feTtt^xAB(*ITfKgB. # 
CtlSaAiiUTffl^§GaA 1 NJKc&UTMififr 

tltffl^cS iO, tTiO, #><=>fi£-5:£JI®l£K&f- 40 

[0 0 9 4] (Ml 5 W^SS^gi) |g7tt. *%BJ(7)^5 

[0 0 9 5] S-T, nIyij3>M60l;I^l 00 
nmCDf&gHLS i O, 16 1*. mmttp^X-M^T 

©l/yXh7X?Ctt. 2 {im<nfflOffi&fflm5 0 W m 50 
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0. ±EOMP«0*>'Ua>»flJ)l6 1 SI 
6 1a«it5. Ctll3J:0, v"Jn>aig6 0£g 
Ui^ti-fci, l/yXh^in. :iG9X1££MOCV 
DggftKAtU S i O, BH 6 lrtljH58L>&H«fc'5K:, 
filOO OICTl 0ftffl<D-V—-?)l>9V- — >if&f7 

[0 0 9 6] #.^T\ m£ 2. 0/im©nIGaN3> 
^^M6 35ML, SiO, BI6 1 £iI#>&A,;etit 
i££f£-5. C©nIGaN3>^^M6 3ftS iO, 
16 1 JiTtt^T^/l/lfoR-r&fc*. S«*»yij3>T 

SO. 25/im©niAlGaNtIftAI64. f^! 
0. l«mOIn,. ls Ga 1 ., i Nffittl6 5, f$0. 
2 5 /tmOpSA 1 GaNlSSA16 6, J9S0. 3 
MmOpSGaNa>^y HI6 7 &Z\<DMT'Bl&-t 

[0 0 9 7] MOCVDSSA^ISlOHlLm y'Ja 
>S«6 0CD»®frnSmffi6 8^M«-e^fi!cTS„ * 
fc. pfGaN3>^y hI6 7ffl*I^l7ieT-/^ 
-x>^U U7 h^7fefcfc0 pliS6 9£i9!W- 

So a^tc, pUK-tr^^bfcarosttYbt, pi, 

[0 0 9 8] «±©#teTffrSL&5S3fc^tf-K»;:ffl 
ifiCfByfc^-f:*— Ftt. S£*Ot7 7-f7l«1>S i C 

[0099] (^6 <Dmmmm) m 8 «, *fsw©» 6 

C*JS**l:«J3S»*y'7 y y*KKS! (DBR) ly- 

[0 10 0] ST, D-77-f 7Sg8 0±!CMOCVD 
ttl:«kDfilGaNn7 7 7l8 2S^fiU -?-©±gB 
l:7>H-7GaNTlfiI83*{Sfit5. m>T, n 
iGaN3>^i?M84, nSAlGaNf^AI 
8 5, nffliJG aN» KI8 6, (MQ 
W) iilSttSInGaNMttIS?, p<MGaN 
Tie^-fHSSS, P IAlGaNlSaAI8 9, pi 
GaNn>^?hl9 0SCOlTfi£IL., |y— tffr^ 

[0101] ±&g>mmm<Du— *f\z&mi>tt^m® 

£. nlG aN3>^i? M8 4l:it5STF5l'x 
>y-?>^f£fcj;9l&*b£:^ iCVDfttrS^tyy 
7>5tt^XiLTS^ 5 0 nmOS i O, 191S 

g^U K^X-y^^T'i&fSLfcgBttK©^. 4 2 
0 nmF(UR|©X h^-fT^fC, ggijg 5 0 nm«/t^— > 
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CLT, yyit7y^i-^h,\ZXS i O, K9 1JI-; 
^>^U «©i (MPgB) 9 1 aMtSS i O, 
YXJ9 1*Mt5. £©!!£*, ;©l9 1al:Ga 

[0 10 2] £©&. JPI + WSIfi^^tKMOCVD^ 
HflK&U ;>H-y©GaN|92S100nm© 
JP$lcSfi£ft£-ti:-g>. C«GaN!9 2(ifJi)?Xi7t 

*ttK0&K-?&:fr>aft-*. m*F5-f lyf>i'Ti 10 

nIGaNl8 4tniA 1 GaNi8 5 ©# 
SOiB««*&Xyg 1 >^L. C©««fcnfi!j«ai9 3 
Sr. pSG a Ng 9 0 ©±C p ifS 9 4 n-ftlf 

[0103] z5i>Ttti&isrc¥mftu-*fiznffi&x 

Lfc<fc'5. 4 2 0 nm©^it:*Ml/fcl'- tfftrfi* 
mmT'^tz. GaN^iSSS9 2 ©fllffifctt, 4 2 0 nm 
Jf«©SiO, ©7h7-f/7Xl'9 1ASff2Wc 

*i£i&ftlcA^fc4 2 0 nmJ^©ftg£j#o£:ft 
ttSStSrlftOilL'TtK 5^C^c«LTt^<. £©& 20 

^T-yJV^.&^imVX^tcG aNT»5©T, late 

[0104] v— *fm&mm&f&&T zmz, 4 

2 0nmH»OSiO, X h 5-f 7*»riEl/T*tttf. 
ra«©*^T?«ttJi©TK«»l4 2 0 nnKDEJffBHPfc 
«Pt3»-tf»j8SJ (DFB) U— tfSfffig-rscit'bWII 

[0 1 6 5] £t-h, ±E*i75SSB'5©*Jfi»»Ttt. 

Lfc*t. s i o, , t i Oi e>mz. mt^omt^^ 
a»#:©j«*ja*-c»* 1 0 0 ot£t±©iax"iRi4$ 

tl. t8J£LT I n, O, , T 1 N, A 1 N, S i N, , 
WN, Ho^tf 6*1-5. 1 0 0 0t;jy.±©if§5i&T- 

»Att£#-r-5fc©X?&tl«, ^^Xt- 

[0106] &«#»»©ttf»tt©av»*m*-7X2*t 

^iLTfflt^^tfCt 0. ^ap a D ®©|fi]±fC«tS^^ 40 
4*tt©f6]±6WK:. £tT©jSTt>**&«!l*35*#6tl 

ten. m?m.&<D±mz&r)m?mmm<i&i : -?z>mm 

[0 10 7] $7c, ^e^t4©^^«^^TXi/i:L.T 

«r» c <t wmm-vto z «t 5 & m^om-s. vx^ws 

i:bT^e®14©SV^ : fo©*ffl^SCitC t ti3. gfJcK 50 
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ffiS£±#£-tt\ *V*)TV>m&$:fem2 J tt2>Z.t\Z£. 
[0 10 8] Gl±0J:5IC. if©H«S5ffi^Lt?X 

[0 10 9] ±fB*SS^ffiT'ttfi£g*«iLT. 

t77<7, s i s«*W»cii*tffc*«. dcoftfifc s i c 

[oiio] z<b\z. *&mzmkVomit<e>®i¥m#*: 

[oiii] m 7 ©njsi^) h 9 , m i o 
com 7 <nnmBmizmt>z>g.it<®}&¥mftu-- tf zmw 

[0 1 1 2] 12 9 C&tAT, 10nW7 7-f7M, 
1 0 2teTXi7i:LT©S 1 O, I (0. 3/im) , 1 
0 3li7>h , -7'GaNl (3«m) , 104ttn-G 
aNn>??M (SiH-7", SXlC'cm", 3 
At m) .1 0 5Hn-A l,.,,Ga,. !I Ni'7-y HI 

(S i K-7", 1X10" cm"', 0. 8 Mm). 10 
6ttn-GaNlSI (S i K — t/, 0. Um) , 1 

0 7ttn-Al..« Ga... N*t'J7t-A-7D- 
BfrltJi (S i H— -J, 1 X 1 0" cm ', 2 0 nm) . 

1 0 8«?gt£BTr&3. ffittJf 1 0 8tt. InGaNl 

(7>K — In.., Ga.., N, 3 nm) ifi 
SMiztn&ms I nGaNglg (T>h*-y. In 

t.nGa,.,,N, 6nm) *^&5if#Fiig (SC 

H-MQW) <h&t>T^-5„ 
[0113] 3 109ttp-Al,., Ga... N 

+ tU7^--/'!-7n-MI (MgH-7*, 1X10 

"cm" 1 , 2 0nm) , 1 1 Otip-GaN^I (M 
g K-7", 0. 1/tm) , lllttp-Al,.„Ga 

....N^^yKl (MgF-7*, lxi0"cm\ 
0. 8(im) , 1 1 2 tip -G aNn>^i7 hg (Mg 
Y—Zf, ixi0"cm", 0. 8itm), 1 13liP 
t (lOnm) /Ti (2 0nm) /Pt (30nm) 

/Au (lMin) ffil©pifl. 114BA1/Ti 

/Au«jg©n{|iM®, 1 1 5«S iO, tftlTS 

(asc^tx) ic«t so, /sio, *&m\zmmv 

[0 114] B 9 T?5rr#tig©§3ii7jJ£«, «T©J10 

t&s. £-r. u-7 7-i'7Sisi o i±ic, m i o 

(a) tZT^-t^oiZ, C VDffiTrJgfiSLifcS i O, §1 

o 2iz^m\zma\^rz-7Xi7^mi$.-n>. i©sio 

, -7X?©JSfflRtfA££©Jtf;t, 1t77l'7Sfil0 
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1 i:Z>K-7 p GaNl 0 3 <D&^mm<D 1 %&>T£ 
U &m\t7> H-^G aN 1 0 3 <Z> (1-100) ^ 

[0 115] gS^BUvT 1 2 0 0t;£T#M 

IT, S«<D1t-v;!/^ U-~>^£:S i O, 77^1 

f£f::<£9, 3»f H lGaN«M^o iS^T, 1 
10 0t:tC#iab> lW17>F-^GaNI10 3& 10 

aN^5 0 OrTte,«&#tC/£;RU 1 1 0 Oti:#fi 

^mz^fv juf&mmn u im*m \z y > 

F-^GaNll 0 3^^^tl^)o 

[0116] <toi¥*ffl^a!^n«, ~?x?ma$tizmiti 
ti)it77'i'7ssi o i <D^m^x^-hLrzm& 

\t, VXi7 1 0 2<Dmffi\zm-oTffi.Jj\5)\Zfcmis, 7X 
ch^UT, Iiefi*Mtl)o GaNH0 3^fiE 20 

fi-r*fc#i^ mmmm*±\zftzfz&, m^rn^zm^ 

tf, G aNl 1 0 3<D— jej»*H±«><B«fc»4, T7^/ 
[0 117] C VDS;TJg*£DfcS iO, |10 

fc&g&T^-TtfXfccfcO S i N x Lfcg 
ft«¥»#*«S i O: §10 2 ±\Zb^Mm\Zf&&VT 

[0 118] jzn.m&f&'TlZ* n-GaNn 

>^^M104, n-AlGaN^77F1105, 
n-GaN^I106 ( n-Al,,, Ga 0 . 8 N^t 
'J7*-A-7P-M110 7, MQWfgttSlO 
8, p-Alo.i Ga 0 .8 N + tU7t-A-7P-R 
JtI109, p-GaN^Ml 10, p-Alo.osG 
a..„N?77HIl 1 1, p-GaN3>^^Ml 40 
1 2SMMt5o 

[0 119] *^T, ±IB*JB«IJfi©— fflSrnffiGaN 
hg l 0 4 ©SI* T K X7 ? J: 
9I»SU *D-Zmf&V, iffilfcnlGaN3>^^ 
Ml 0 4©iIl:n(MfIl 1 44Mt5o Sfc, 
*1t<aM±Sf^&£pS!GaN=i>^ Ml 1 2 Kite 
X h^-ryt*c^p{|ijmffi 1 1 3 ^MtSo 
«Ubfca{fc*¥W#JB<o*ffitts i O, ill 5T'I 

[0120] a±o*ftTfP«sn&afk«**i»#u so 



) 4f5B2 000-21789 

20 

»fissii®^s«s^ (t em) mmzft-otztzz, m 

fiSg^lO 5 cm' 1 iffi^fc<BT*^fc. 

[0 12 1] #i\Z, ±ft<D¥mft&mm*MtfLLfcVx. 
A£> 2 5 0 (imCWctit^^yftU 

aA^fTo/ich ^^5, i£S4 1 5-4 1 7 nmT'Mi 

i«a«^*B*nfc. * j f<©»fp«ffitt4. sv±o. 

3V, L#^«««t*aEttl. 5-1. 8kA/cm J 
"T&ofCo >5xArtO9 7%6l±(D$fT10 

0 o o«riwK±oa[jaa«!5fi«**aiB*nfc. ^ 
iis<, m^(DW)ftmm3.6. 2v±i. sv, l^mb 

mWL&mfo2^5 kA/cm' ttf5ofA^S<, S 

[0 12 2] d(DJ:3^**ttJgll»4. it^r^TSIS 

1 0 li^AAJgOBSP^^ — >**"TSS i Ox 7X 
^10 2^ML, ^07X^7±CGaNI 103^7 

CD^figc£'>&^n^K<DG a NI 10 3 &m$L-*rZ> Z. £ 

[0 12 3] ***6»l8"Cfi, 01 0_ (a) 

2£JB^/t^\ 010 (b) TSt=ft»©P8P/^- 
hWC&rCo 010 (a) T^Ufc^^A^ 

(b) T^LfcHftje/^^— >£s io, (Dm^xm 

[0124] (£8 a^AGTBtt) B11H #?£BJi<Z>|g 

^tBflit^^o &*5, 0 11 301 — 315 tt 
89^101-115 iCffiSLT^S, 

[0 12 5] 1t77<7SS3 0 1 _hlctt* fg 1 <£>TX 
^£LTJP£0. 3MmOSiO,l3 0 2 a«$ 

f 3 /zm©7 > K-^G a NI 3 0 3 a 

7^/££*lT^£o GaNi3 0 3 a±CH 1207 
X^£LTJP20. 3/xmcDOSiO, I3 0 2 b« 
I&Ztl* t<D±\zmt£ 3 /im07> F-^G aNi3 0 

3 b^ricsnr^s. 

[0 12 6] f IT, G a NS 3 0 3 b±Ktt, 9c<DW, 

i (D^mmmhmmiz. n-GaN3>^^M3o 

4, n-A l,.,iGa,,„N>7*; K/I3 0 5. n-G 
aNM3 0 6, n-Al.., Ga 0 . 8 N + tU7* 
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—A*— ya—m±M3 0 7. SCH-MQW?£14Ji3 0 
8, p-Alo.: Ga,., N+tU7t-/'!-7n-te 
lhJf3 0 9. p-GaNlS1310, p-Al....G 
a,.„N^77FI31 1, p-GaNn>^^hg3 

1 2 , p mnm 3 1 3 . n mnm 314. s i o, mm 

m3 1 5;W&fi££tlT^-5. 
[0 12 7] *ft**MWftom7®XMMM^Jl&:« 
SiO, ^X^£flJfflLfc^7Jl^fi£2|5IfT 
5Ziz-e&2>. ffioT, n-GaN3>?i?M304 

[0 12 8] S-j". U-7 7<7Ifi3 0 1 ±fc, El 1 1 
{C^T«t3»C, CVD&TJgf&LfcS i O, 13 0 2 a 

X? 3 0 2 a©Jl$. *t*£©it«. Sg7©SlS6lMi£: 
IHSU;:, D-77-f7H3 0 1 t7> aN 3 0 

3a©»f?I$0 1^TtU §j2teT>b*-:/G 
aN3 0 3 a© (1-100) *(6] tfff 5 K 

[0129] gsHflBStT 1 2 0 0 *C 

LT&fcW- <J -->{?£. S i O, TXi7 3 0 

2 a©T--U>^**iafc«lffll!*MSLfc. ^©*g. 
I«*5 0 0titSfIU HJ^^MUtf'J^A&tfT 
> : EZ7^Xt + t U7#X£#;iS&LfcJ^a]©MOC V 
Dfet;<t0 3»f B 1GaNMlt5. M^T, iag£ 1 

10 0tl:#Il, lB#r B 17>h*-yGaN@3 0 3 a 

[0 13 0] ^SS iO, 13 0 2 b£CVD 

ffiTJg/SU 7>K-7 , GaN3 0 3 aO (1-10 
0> ^I^WK. tg3(im, mm2 0 MmCDX h^-f 
:/TX^£J£fi£-f g*IHT1 2 0 0t: 

JT#IbT, S«©tr-v;i^u-:=:>y<hs i O, 
■7XJ73 0 2 b©7z:-ij >^S*MafcllM&3&«lrr. 
tO». IflESllOOCiTBIU h»j*^;ktfy 
■JAR^^^T^Xt + t^^X^L, 1B# 
f B 17>K-yGaNl3 0 3 b*JfcfiT*. 

[0 13 1] ^atcS®-r-5^«i:*b(C. n - 

GaNn>?i'H3 0 4HK^ML 1 tf 

O.YXi' 3 0 2 b©X ^t^fTfcT^^itCfc 

[0132] &±<Djj&T'ttf&znfc.&iky)&¥m&u 

m\t. 7>K-^GaNi3 0 3 a©*Tiftl 0 s cm 
■'ST. 7>l < -7 p GaNI3 0 3 b «fc 9 _hgi$©£-JIM 
tfttDlO' cm-'ST-iilST-tfc. 

[0133] ±>£(Dmmzmtz>¥m&&mmz 
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U— y-'tcmSitaASrbfctvl^. &fi4 1 5~4 1 7 n 

8V±0. 2V. Lgl^tt«9&2B&tt 1 . 5~1. 6k 
A/cm* T'&itz. i)iArt©9 9%aili!) 

if t 1500 oi$m&±<a£&%tt»£#tttS3n 
[0134] z.<D&5\z*mmwm~?k*. 2®<d?t7 

[0135] a*. *HfiS»aBTtt. B10 ( a ) 
LfcAN^^C0MP/1^->S: ; ft"-r-5S i O, TX^^ffl 
^fcTit. CWfi&KfcB 1 0 (b) t*1-=ftiOMPA 

©SiO, (302a) W-XPl&Xi3.=.ftf&/V? 

->-C»ntfJ;t». Sfc, *^Sg^ffi.T«2lHi©7 7 : -7 

[0 13 6] &_t, aS7 2fc«SS8 0*j6»lBTftt. 7^" 

fcSfl:****#oj«*ffl«T** i o o o*C£U©i& 

-So CajibT. T i O: , I n, O, ,' T i N, S i 
N, WNx^W&tf &ft.<5. Sfc. 1 0 0 O'CtUiWitS 

UWr-f 7S«£W~^fJtfr\ ^©flfifc. si, 
S iC, ZnO, M g A 1 1 O, #©*l££ffl^-2> £ <fc 

[0 13 7] Sfc, *«^ttSEfl;i»*#*#U— 

[0138] (19 O&J&JgflB) 112(1 ^nmam 

[0 13 9] 01 2(Z«V*T5 1 lBt7 7^7Mt: 
*0. ^W»S5 1 1 ll;ttnlGaNA'777l5 1 
2#J£f££*lT<^-5. GaN/Vy7 7l5 1 2±CteS 
iO, ?X^5 10A<Xh7-fyW:lfi£3n, C©V 
Xi? 5 1 0*ffl^T/\*7 7 7l5 1 2tef9?5e©g!££-e 
50 I-yf^Stlll-^. GaNrt7 7 7i5 1 2SI^S 



( 13 

23 

iO, V7, #510 ±tCtJ n 1A 1 GaNi777 K§i 5 
1 3*«7f7MSSipJfflLTTO:MSn. ^-<£>± 
CH 7>H-^GaN^h'I5 14, InGaN 
/InGaNA^*4If#Fl5 15, pIGaN* 
^HI5 16, p!AlGaNi'77HI5 17« 

[0 14 0] *BHM**S* 
Kg 5 1 3Clt4*T-ffl«l*Sn. Iffibfc^ 
7y KB 5 1 3±lCttnffliJ«®5 1 9 3Wgf£$*lT<^ 
5. p!AlGaNi'75'Hl5 17±l:tt > fifittp 10 
lGaN3>^i7M5 1 8 £;ffbTpflijm*l5 2 0# 

jgEE$nT^-2>„ :ne©ii5i9, 5 2oiifn? 

tl3 umtlfC^^ftT^-S. 

[0 14 1] &S(Dig^fi£SiC«MOCVD<& 
ffilLT^i. BftiifittSGaN (5 1 

2) /AlGaN (5 1 3) CD^D 
fC, nSGaN!5 1 2©EKltl;7X^ii^5S iO 

ymtC&.S.tpfCbv'X h^fflW/t^- n>#S:ff o 
fc. COtf, nlGaN!5 1 2 <£>— g|5t)X-y^># 20 
£ff5. ^-(DS. i!li?©«rSJ«fi£fTo;fc. *m 

[0 14 2] *mMMm<Dffii$.-v\t, aSS*ifi£*rr* 
'X'T-nS^©— SCICS i O, YX^^MU *:<D±\Z 
^7^Ul&g£fUfflbT&i&J&fi$tf&e D. # 

#<D?g££jg< nIA 1 G a N 77 H 

Jf 5 1 3 ^f<Mt5 C ? 92/ FMf 5 1 3 

St©¥3»#b— !f©lgl,)Ili, lkA/crrf 

(is 1 0 (D-gmmm) m 1 0 (Dmrnmrnx-it. x h ^-r 

^OSiO, ^X?£®J5£-t-57Jfa£^l2;*-tt, ^t- 
7;PriE*«ptt*»^fc*S***-r. G a NCDfigStt*« 
^SIMfi (MOCVD) IdcfcOfTofc. 01 3 
(a) H t7 7-1'7SS±l:GaNi^|?l2. 5miti 40 
^<D±\Z<mm 1 . 5 wm<DX h7-f7"«S i O 
> nmfflmT"Vy t1 7SS© (11-2 

1) ^f6]. tmGaN© (1-10 0) Tjfad^ffc 

[0 14 3] ifc. 0 13 (b) fcb ir^T^f 781£± 
l:GaN^2. 5/imfiEftU&«JgBtm«A3S«±K: 
4S*?J 1 . 5cm©Xh7^7"«SiO, YX^^3(i 
mt^iT. 01 3 (a) ili9 0° Sft-STjft. TZt. 
.^77-f7lSO (1-100) JfcliGa 
N© (1 1-2 0) 7j(6](Cjg^bfc«-&<DCaj-efe-5. 0 50 
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1 3 (a) , (b) tejt&wnTm&m (semi \z& 

0tt»S«B*>SS«lbfc'b©T*S. 
[0 14 4] 0 13 (a) S i O, TX#7)t#ft 

SA*jf£fTb, SiO, 7X?^#at5»»Ttt. VX 

testis. 

[0 14 5] — ^, 013 (b) Tfct, S i O, VX# 
##fcb&t>«#TttJSfi**JISfrU ®tW&=&M<Dm 
«±©»*«SiO, vx*©Xh7-f :/£¥fTK:»J5fca 

[0 1 4 6] EU:©^**^ MOCVDfttttXh7 
<7'tt7X?$i)-77'f7MO (1 1-20) 7J|6]. 
tto^GaNffl (1-10 0) ^faKJEJj&TSil,!:^ 
SSLH^t^fcM. 0 14. 01 5lC7T7Mfi 
ffijt$n5)-y-7T-f T*«© (1-2 0) 7jfi> ffcto 
^GaN© (1-100) 7J[6]{r, SiO, Xh7-f7° 

« vx * zmtfi L,tn&iftv>mmm%iW.=?mmwt&L&7F: 

T. tf7r^7*«£GaNH,fc©IWrT?f8£b;&jrii 
Isffitt. ^X*##ffib&t>«#Tttl«fi3EFlR]fcjra 
U «»*»Jpa#Tt>«Ktt**tti||ln]bft:V». 
[0 14 7] -77, "TX^*»Sffi-r*««-Ttt. VX# 
©TSPf'^fiEbfeJiaefiCttTX ? ©ffftt;: «fc 0 :/n -y 

i'P^^GaNW^^^^S^JtfTb. ItVXi' 

[0 l 4 8] JfSC. vx#^jagUfc#ftt-«»iil£fe 

fi^£fi£fi®(^^i:ffltf ens. ffioT, ^T^Hsgfi© 

2/imgSGaNI^l$-&5Ci:l;<t0, j£5 

tears sac^©****^"*-* ^ 5 c&s. 
[0149] -r&fc>-fc, »iiteti:ttvx#^e.BinfcgB 

*lSVX?©?E2fijc7Jfa£SJRU 3Et-VXi7C07cffi«{b 
SBSCt, Sfc^Xi7©X ^©RSJISSrSK f 

(^ 1 1 ommmm) m 1 1 ^mmmx-^ s i o, 

§©VX y £JgjS-r-5Tifc*l£<i: bTG aNSfflWci 
i5<fctfA 1 G aN*fflUfci^l;oi>T. ^7=-5-;u 
filtfilfttSn^ifcttbfclSSSw-r. GaNCOfiEfittW 
l3HM^i:^1itcW«^Jg^t§^S (MOCVD) ffi 

[0 15 0] 016(1 ■S-77-1'7Sfi±(:GaNi5 
*«j2Atmfiggb, -?-©±»Ci|i*<j2 (imOX h^-f ^ttS 
i O, -^X^SrX h7-C7fflmm3 umT-i&!&Vtz>b<D 
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±KGaN£3$2 jtmMlfcg, AlGaN^2/i 

[0151] S iO, YX ? ©X h ^-r yw^fttt, si 
i0©HIfix*iLfcJ;5i:, MOCVDffiictJ^t 
^J-^^^tmM^n^^Vr^ 7S«© {11- 
2 0) -Ttefc^GaN© (1-100) JlfOit 

So 

[0152] iai6, m 1 7 «. *s^m^ jmmm < s 

EM) C£9B*sft£l$frE^e>«g?l>fct>©T&£. Ml 
6. 0 1 7 iZTn-f^oiZ, i:*-e.eroaiS±Tt>. SiO 
, -7Xi7^??ffiL^^gi5^T't4Ttt!«Wlfffi^§ttiitt^ 
T'G aN©fi)c&;WtfTU SiO, TXi? 3 

ffitt©iUGaNl^»&nt. 

[0 15 3] b^Lfr*^, 11 61:^5 1:. Ga 
N/^r-f 7©«/IfltjI±tCS i O: 

VX?±K3tW K^JLe-tl, ££:TX£7jf{M© 

[0 1 5 4] — 7j, P3 1 7 C^-Tck 3 K. A 1 G a N/ 
GaN/t77< TCDtt@«jt±(CS i O, -7X^£# 

•r^*^(c(4. vx^±fc#-r R4?!g?£:nr, 

Mll:4 0, G aNBT^m.ita^etlT^-So £ 
tzTX{7(DTffllZ>7 7y ^fc^Dfi^i. ClWdcptC, S 
iO, ^©VX;?£^J&U f©ll;GaNl©7T7 
;i^fi£fr 5*§£K:ffl^3S«©3l®{CA IGaNSffl 

[0155] ±IB©SB 1 0 *5<fctfSg 1 1 <DM1&mM£. 
0. X h^T^VX^ttiTXr-f 7S«© <1 1-2 
0) Tjfa, -T&fr^G a NO < 1 - 1 0 0) 7j|S]<h¥fT 
l:Mt5ut*<IJL<, •x'X^ (#ggpgC) ©iilf4 
m&l nmKK±. Jf*b<l4 3 /xmJW±, lt:« ; SL< 
ttl OwmKlil, VX^©F<UBI (BB P SBcdiJ®) (41 
OftmHT. »SL<t42 /imKmsii^ISL 

[0 15 6] 7 7-7Mfi^ti;St5fci607 

X?£jfcfi&-f ^g^tbTtt, •tJ-7r-1-TS«. SiC 
SIS, S iSi. GaAsM, GaPSS, GaNi 
^©aMU? ©fm. mrfBA-;Ui7±fc I n, Ga, Al, 
B,-,-,-, N (0^x, y. z^l) £JE*/&L£:S1£ 
^JfSb^. >fffcSiO, 5?©V7^SMt5ii 
I^GaN, J;0ffSl/<(iAlGaNT'*5t7f7 
;PfiEStCJ:0#e.nfcmWD c ?iK*^t^ A 1 Ga 

N^Tife©«^t4. H^i7^-y^*^D^C^„ ±fB 
©TifcSibTte, AIGaN, InGaN. A1N, 
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GaN, &£Zf£tl*>e>tm\ZB$:mi}0\stcttm. *5<fc 

^^LfcS«±Cfiggt--5M}4. G a N"Tfab<5 ^t^S 
*>Si;l-l^\ In. Ga, Al, B,.,-,-, N (0 
^x. y. z^l) T&^Tfeefc^. 0<J*-t4. -?Xi7£ 
^pJcLitA 1 GaN/GaN/it77-f7i«±l:A 1 
GaN^7T7MgStTfcJ:H. 

(igi 2^m^m mi 2©si»giiT'«. GaN/ 

itT'T-l'TaS. *i^AlGaN/GaN/t7 7< 
10 7iS±l:. II OfflilflT'SLfct??^/!^ 
© (11-2 0) tft^GaN© (1-10 

0) 7jIo]1'i|S 1 2 *im©S i O, 7X ^ £ 2 /zm^HStr 
ffiJj&U f ©±CG a Nl$*5 1 0 «mM* tfcSS 

[0 15 7] &&<DmMZ±2>¥-m&l'—V<D<ft 

ttsjttfcLfc. Mocvr>mz£z>%.ityi3ik¥m&u- 
i v>mMMmtmMT*$>2>. ^mmmx-it. inGa 

20 NI^MIfftF (MQW) ©#FS:t4 2 i-T-So 

[0 158] U--tf-* : f£ffrfcUfcl8*. GaN/* 

7 7"f 7*«±K:fe«bfc* ; f \zit^ AlGaN/G 
aN/it77-f 7S«±tCf^g{bfcS : f ©7J#, nt>3» 
S * 0 **» S ft * C .h « b & . GaN/t77<7 

»«sffl^^*-&tct4. ^^yD-trx^i-a^i-tij 

ft#£D-g>»-&7^&3,, AlGaN/GaN/t75"f 
7*K£fli^&»£K:tt» l»ffi©J;5&ttfi©ftlfttt£ 

30 fifififfll>«t, AlGaN/GaN/^r-fTS* 
e>©iS&T*> 1 0' cra-'tt^fc. if— 4$ 

mtmmtstirz. g aN/trxT-r T&m&m^tzum 
•v\t, jsammffi&mitm 2 . 3kAcm-\ gjf£mm« 

394. 8Vt$?fc. A 1 G a N/G a N/itX 

7-f7*«SfflHfcK»Ttt. Kfit«SitSgt4^ 1 . 8 
kAcm\ Wf^*JIt4*53. 8Vf*t3fc. 
[0 15 9] #.\Z> £fiSM%S£«tttU 
40 IMELfc. G aN/'trT'T'f 7a6«*ffl^fc*^Ttt. 

5 0 0 onmn&mmmft*mm\stz$>rzQfrz>, m^- 

8 0 0 0raT'*t5fc. Cft»C*tU A 1 G a N/G a 
N/i7X7"1'7S«*fflt^cU-lf-* : fTt4. 9 00 

©lM1Mtff©J&«±#a«ji£ttfca». 151 5 0 0 0B#F.g© 

[0160] GaN/*7 7'f7lfii:. AIGaN/ 
GaN/lJ'77'f 73S1£©» £^<E>£<£fflLfci{H^::ft 
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GaN/lt'77'1' 7Sfi^ffl ^fclpT'U, SB 1 1 

0. ^X^T^C^-y ?#£i;-5(DK:*tU A 1 G a 
N/G a N/f 7 r -f 7lfiSfflt>fti^l:li. -tOJ: 

■5«tra«tta»r». cncio. ^eso. ft 
(»i 3<Dmmmm) mi 3<z>mi&iem*. 5f7M 
[oi6i] ii8d Ris 0>fu*»mtz*&#mi* 

V— tf-OWjBHTf**. iter, -y-7 7-T7»«7 0 1 
±l;GaNi7 0 2, AIGaN17 0 3**«lSnfc 
**R7 0 0±tC, S i O: VXi7 7 0 4£Jgfirr-5. & 
fc. 7 0 4©HflPgBJ;0. MOCVDSCiOG 

aN!7 0 5 £fi£g 

[0 16 2] GaNI7 0 5«S, SiB*l6jlCH*C!)i«$ 

0 75r7;^i6]©*-tcfiKfi-r*figft*#©Tfc, Bess 

[0 16 3] ^DffiMsfflKte, «f*©G aN|7 0 5 \Zi& 
tv£*>e>, n-GaN3>^^M7 0 6, n-AlG 
aNi?7yh'l7 0 7, n - G a N#-f KB 7 0 8 , M 
QW7 0 9. p-GaNfl-fh'17 10, p-AlGa 
NB711. p-GaN3>^^H7 12!5^fi:5l' 
— tf-*^T**. 

[0 16 4] gfk*f¥^l/-tf-T1i, #ti§§sga 

[0 16 5] 

«J*ft^«¥»(t:BS»J«-r*^i:fcJ:t3T. « 

[0166] I n G a A 1 NB<0— U\Z^MM^ 

£ V X ? S 355}-e<) ic fls fig L fcf&it £ ffl H S £ £ CJ: 9 . 
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[0B©fMi&i&i3H] 

[Hi] fiejtEjsfefcioffjaufcseft******^©* 
[02] 5&w<Dmi<DnMMmz&t>z&it®m*mft 
io [03] mi<DmffiMmz®zmistz-?xt?<DMn&mwi 

[04] #f£S8©l[?2©*Ii^agK^fc*gte^¥*g 

[05] SB2 <Dmmmm\zmmLft»iSiB^<Dm (ma 
«) ^wr«.-7xi7^^-r#4«0. 

[0 6] *%93®a$4®£tt&tt£ffifc&2fctt*a% 

[0 7] *f&w<Dm5<D$zffiwmiz& t t)Z>m<t®tfk&yt 
9<i*— KostmfKs^rwrBia. 

20 [0 8] *«W©»6 0*!fi»JiK:«fo*S(ft«J*DB 
[0 9] *«W©tS7©*J6»»fc«to*af{kW*i|ii» 
[010] Sfl7©#ii8i^l8t::ttfflLfcv;**/1^->© 

w<&^-r¥®0. 

[011] *»BO!l$8<a£;ffi«tek:ffi&gfctt>ft¥'* 

[012] *fg^©m9o^iSS^iit«s^{t;^^ 

30 [013] *^CI1 OC^IfllciSSttH* 
^ftif©WSEM?KTibO. (a) «Xh^<-7° 
ttO^X^^-y-^yfTSiS© (11-20) jj&UZB 
fiKLfc«£\ (b) ttdtlt 9 O^g&S^pSHCJgfigL 

[014] 013 (a) »C*UfciJ->^©»fiBTEM 

[015] 013 (b) K*Lit-tf>'7 p ;U©8/TffiTEM 

[01 6] xmnoimi i<Dmmmmz&2>mt®fk¥ 

40 t*iTCi®SEM?Sffei], (a) , (b) tel^ 
-rtlfeGaNZ-y-^r-f 7S«±(CS i O, 7X^» 

[017] ^%m<Dm\ i <Dmmmmnz%^it^m^ 

mftmTOlffiffiSEM^MT'&Q* AlGaN/GaN 



/t7?-f TS«±tCS iO, VXi7£JgfiEL;fci 



r© 



[018] ^m<Dm\ 3<D-gmm\z&z>m\i%>3&*m 

ftU— tf-©®T®0. 
[019] ©«fi£gCi5lt^&©^ft^fZ^A$tl-5g 

so &<D<rf£^-rsi5£0. 
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30 


[02 0] 9-r9;U*ftlcJ:Dd#«t»«K:*i;*Jtii 


2 5- 






3 6- 


-nlAl GaNlSSAl 


[02 1] *^H^i«Si0A 1 GaNRCfi^T, 


3 7- 


»n«GaN3t^>f KB 




3 8- 


-MQW«ig*#f 2> I nGaN^ffittS 


0o 


3 9- 


•pffiiJGaN^tf-Y HS 




4 0- 


• pIA 1 G aNmWt&AB 


2 0,3 0-*7 7'f7M 


4 1 • 


-piGaN3>^^7 hJi 


2 1, 3 1-SiO, VX^ 


4 2- 


••nllil 


2 1a, 3 1 a-SfSB (MPSK) 


4 3- 


••s i o, m 


2 2, 3 2-fi«SGaNA'<y77i 


10 4 4- 




2 3, 3 3-*ItffiGaNT«i 
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[H2] 



-10 



25 
-20 



[03] 



S I Ot 7^ 2! 




2ia^as 



o o o o 
o o o o o o o 
o o o o o o o 



21 : S i O* ^XO 
2 3 :GaNTifeS 



22 : GaN;V^7@ 
2 5 : HiSSffi 



[04] 



[05] 



4U 

40. 

39. 

38-E 
37- 

36 
35-f 



30- 



43 I 4 



p-GaN 



p-AIGaN 



CM" 



InGaN 



GoN 



n-AIGaN 



n -GoN 




42 



31a 



GaN 



[0 6] 



56^ 

55-; 

54^ 



P-GQN 



:-57*n-GQAfN 



p-GOAi w 
— i"GQN 



GOAtN 



gqn 



^1 



60 




0 
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im7] 



[08] 




SI02 t"J3>S« 

*ZZZZZZZZZZZZZZZZZZZ2r*& 





90^_ 
89^ 


p-GaN 


92 

\ 




I'GaN- 
87 — 


P-A26afc 




. InGaN- MOW 




86'GaN- 




GaN 9lo 


93 v 


85- 
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